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器效率和性能出发，介绍了包括掺 Yb3+材料被动调 Q 固体激光器和双掺 Cr4+、
Yb3+材料自调 Q 固体激光器的发展概况。然后阐述了实验中选取 Yb3+离子掺杂
激光材料作为增益介质与 Cr4+离子掺杂激光材料作为可饱和吸收体的光学特性
和优势；利用被动调 Q 速率方程建立新的 Yb:YAG 强化 Cr,Yb:YAG 自调 Q 激
光器的理论模型，结合实验结果系统地研究了激光材料光学特性参数、泵浦光
参数对 Yb:YAG 强化 Cr,Yb:YAG 自调 Q 激光器的激光性能的影响。 后，基
于键合 Yb:YAG 可以增加对泵浦光的吸收效率、提高粒子反转数以达到强化
Cr,Yb:YAG 自调 Q 激光性能的构思来进行实验设计，采用了固体微片激光器的
形式对 Yb:YAG 强化 Cr,Yb:YAG 自调 Q 激光器性能进行了实验研究。详细地
研究了吸收泵浦功率、输出耦合透射率、激光工作材料(激光晶体、激光陶瓷)
对 Yb:YAG 强化 Cr,Yb:YAG 自调 Q 激光器的性能影响。 
用 1.5 mm 厚的 Yb:YAG 透明激光陶瓷作为强化工作物质，0.5 mm 厚的
Cr,Yb:YAG 晶体作为自调 Q 激光工作物质，采用 940 nm 光纤耦合的激光二极
管作为泵浦源，研究了 Yb:YAG 陶瓷强化 Cr,Yb:YAG 自调 Q 微片激光器的激
光性能。当输出耦合镜透过率 TOC=30%时，激光器在吸收泵浦功率为 7.07 W 时
获得了 高平均输出功率为 530 mW 的自调 Q 激光输出，相应光-光转换效率
是 7.5%；此时自调 Q 激光脉冲的重复频率为 25 kHz，脉冲宽度为 3.75 ns，激
光单脉冲能量为 20.4 μJ，峰值功率为 5.44 kW。 
用 1.2 mm 厚的 Yb:YAG 晶体作为增益介质，0.5 mm 厚的 Cr,Yb:YAG 晶体
作为自调 Q 激光工作物质，采用 940 nm 高亮度单管激光二极管作泵浦源，实
现了 Yb:YAG 晶体强化 Cr,Yb:YAG 自调 Q 微片激光器的高效激光输出。当输














的平均输出功率，光-光转换效率高达 32%，激光的单脉冲能量为 12.4 μJ，脉
冲宽度为 1.68 ns，对应的峰值功率约是 7.4 kW，重复频率是 65 kHz。利用被动
调 Q 速率方程建立的理论模型，数值模拟的结果与本实验获得的激光脉冲特性
基本符合，这对于理论指导优化实验具有重要意义。 
在不同输出耦合镜透射率条件下，Yb:YAG 晶体强化 Cr,Yb:YAG 自调 Q 微
片激光器的光学转换效率都高于Yb:YAG陶瓷强化自调Q微片激光器的激光转
换效率。Yb:YAG 晶体强化微片激光器的 佳输出耦合透射率是 TOC=50%，
Yb:YAG 陶瓷强化微片激光器的是 TOC=30%，前者获得的峰值功率、重复频率
大于后者，脉冲宽度小于后者。而在相同 TOC=30%时，采用 Yb:YAG 晶体和陶
瓷材料作为强化工作物质的 Cr,Yb:YAG 自调 Q 激光器斜率效率分别为 30%和









































Laser-diode pumped passively Q-switched solid-state lasers are compact lasers 
with high efficiency, short pulse width, high peak power and high repetition rate. They 
are widely used in laser processing, laser ignition, medical treatment, material 
processing and so on. Various applications of laser-diode pumped passively 
Q-switched solid-state lasers are introduced firstly in this thesis. The development of 
passively passively-Q-switched solid lasers with Yb3+-doped materials as gain media 
is also reviewed with the consideration of efficiency and effectiveness. The 
advantages and characteristic of Yb3+-doped materials as laser media and Cr4+-doped 
materials as saturable absorbers in passively Q-switched lasers are stated. Passively 
Q-switched rate equations were also modified to establish the laser model for 
Yb:YAG/Cr,Yb:YAG self-Q-switched microchip lasers in the thesis. And the effects 
of pumping parameters, material parameters and output coupling on the laser 
performance of Yb:YAG/Cr,Yb:YAG self-Q-switched microchip lasers were 
investigated theoretically. The last part of the thesis, performance of enhanced 
Yb:YAG/Cr,Yb:YAG self-Q-switched microchip lasers are investigated 
experimentally and theoretically based on the thought that absorption efficiency could 
be improved by attaching Yb:YAG to Cr,Yb:YAG. The effects of absorbed pump 
power, output coupler transmission and laser materials on laser characteristics of 
Yb:YAG/Cr,Yb:YAG microchip solid lasers were investigated in detail. 
With a 940 nm fiber-coupled LD as pump source, 1.5-mm-thick Yb:YAG 
ceramic as gain medium, 0.5-mm-thick Cr,Yb:YAG crystal as saturable absorber, the 
enhanced performance of Yb:YAG/Cr,Yb:YAG microchip lasers were studied 
experimentally. Maximum average output power of 0.53 W was obtained with 
TOC=30% at absorbed pump power of 7.07 W; corresponding optical-to-optical 
efficiency of 7.5% was achieved. With TOC=30%, laser pulses with repetition rate of 
25 kHz, pulse width of 3.75 ns, pulse energy of 20.4 μJ were obtained at the 















With a 940 nm single emitter laser-diode as pump source, 1.2-mm-thick 
Yb:YAG crystal as gain medium, 0.5-mm-thick Cr,Yb:YAG crystal as saturable 
absorber, the best performance of Yb:YAG/Cr,Yb:YAG microchip lasers under high 
intensity pumping was achieved with TOC=50%. Maximum average output power of 
0.8 W was obtained at absorbed pump power of 2.5 W, corresponding 
optical-to-optical efficiency of 32% was obtained. With TOC=50%, laser pulses with 
repetition rate of 65 kHz, pulse width of 1.68 ns, pulse energy of 12.4 μJ were 
obtained at the absorbed pump power of 2.5 W, and corresponding peak power of 7.4 
kW was achieved. Theoretical simulations of Yb:YAG/Cr,Yb:YAG self-Q-switched 
microchip lasers were performed based on the modified rate equations of passively 
Q-switched solid lasers, and the numerical simulated results were in good agreement 
with the experimental results.  
The transmission of the output coupler has great effect on the laser performance 
of enhanced Yb:YAG/Cr,Yb:YAG self-Q-switched microchip lasers. The best laser 
performance of Cr,Yb:YAG self-Q-switched microchip lasers by bonding Yb:YAG 
crystal was achieved with TOC=50%; while the best laser performance of 
Yb:YAG/Cr,Yb:YAG self-Q-switched microchip lasers by bonding Yb:YAG ceramic 
was obtained with TOC=30%. Better laser performance of Yb:YAG/Cr,Yb:YAG 
self-Q-switched microchip lasers was achieved by bonding Yb:YAG crystal. For 
different output coupling, the laser efficiencies of Cr,Yb:YAG self-Q-switched 
microchip lasers by bonding Yb:YAG crystal are higher than those by bonding 
Yb:YAG ceramic. For the same transmission of the output coupler, e.g. TOC=30%, the 
slope efficiencies of Yb:YAG/Cr,Yb:YAG self-Q-switched microchip lasers by 
bonding Yb:YAG crystal and ceramic are 30% and 10% respectively. High repetition 
rate and narrow pulse width were obtained in Cr,Yb:YAG self-Q-switched microchip 
lasers by bonding Yb:YAG crystal, while the pulse energy and peak power were 
slightly decreased owing to the small pump beam area was applied in the experiments. 
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40 mm、高28 mm、长61 mm的铜块里，激光头配有主动冷却装置来保持激光器






























图 1.2 微型激光器实现空气击穿照片 
 


































图1.3 Yb:YAG/SESAM 被动调Q激光器实验装置图 
 
2001 年 J. Dong 等首次采用如图 1.4 所示的折叠腔结构，用 Cr4+:YAG 晶体
作为可饱和吸收体对 Yb:YAG 晶体实现了被动调 Q 激光脉冲输出[15]，室温下获
得了 1030 nm 的调 Q 激光输出。激光腔的设计为折叠腔，凹面镜 M1 和一个平
面镜 M2 组成了激光平-凹谐振腔，其中 M1 的曲率半径是 50 mm。Yb:YAG 晶
体的掺杂浓度是 20 at.%，Cr:YAG 晶体作为可饱和吸收体紧贴在 Yb:YAG 上作
为调 Q 开关。整个激光腔的长度为 23 cm。泵浦源使用了泵浦波长 940 nm、平
均输出功率 1 W 的连续 Mira 900 钛宝石激光器。在泵浦功率为 800 mW 时，实
验获得平均输出功率 高 55 mW 的激光脉冲输出，斜率效率和光-光转换效率


















Degree papers are in the “Xiamen University Electronic Theses and Dissertations Database”. Full
texts are available in the following ways: 
1. If your library is a CALIS member libraries, please log on http://etd.calis.edu.cn/ and submit
requests online, or consult the interlibrary loan department in your library. 
2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn for delivery details.
厦
门
大
学
博
硕
士
论
文
摘
要
库
